Under the unprecedented wave of urbanization and pace of economic development, the living conditions of residents have been unevenly changed in Chinese cities. To understand the diversified living conditions in Chinese urban neighborhoods from the supply-side point of view, new spatial and residential data were gathered to investigate the social infrastructure configurations around the residential communities. Using Tianjin as a case study, the research focuses on six important categories of human needs: education, healthcare, leisure, culture, entertainment, and transportation. Based on the cumulative accessibility measurements of 25 types of facilities, the social infrastructure configurations within neighborhoods are statistically and spatially analyzed and compared. The study discovered that: (1) despite the great diversity of living conditions in the city, the neighborhoods that have better services and strong associations with entertainment and education are prominent; (2) the neighborhoods with advantageous living conditions in different aspects tend to cluster at different places; (3) the neighborhoods of different types of communities, belonging to different administrative districts, or in different urban zones, all have distinctive characteristics in living conditions.
Introduction
People's daily lives in cities are always hot topics among social researchers [1] . As a reflection of the comprehensive opportunities to satisfy physical and mental demands, the quality of life determines the well-being of residents in many aspects [2] . In the last two decades, a great number of countries in Asia and Africa have experienced an unprecedented wave of urbanization, and hundreds of millions of people have moved from the countryside to cities [3] . Although the general economic and built environments improved substantially along with this process of urban growth, the living conditions of urban residents were unevenly affected [4, 5] . Limited resources and large-scale migration often resulted in congregated distributions of social infrastructures, and offered unequal opportunities for different social and economic groups to enjoy services that bring about various patterns of life in cities.
China is one of the countries with fastest urbanization progress from the 1990s to now [6] . Under the dramatic paces of economic development and spatial changes, not only large disparities in the provision of public services can be observed among different regions and between urban and rural areas, but also the diverse groups and multifaceted experiences of living are widely found within cities [7] . Driven by the force of industrialization and urban development and renewal, the social life and welfare system has been improved significantly, but poverty and inequality still exist in lots Sustainability 2018, 10, 3243 2 of 17 of places [8, 9] . While the life quality is greatly enhanced among the emerging middle-class people living in new or gentrified areas [10] , most urban low-income residents and rural migrants found in the dilapidated inner-city neighborhoods, urban villages, or peri-urban areas by contrast do not live a pleasant life [11, 12] .
To understand life in urban China, new technologies and data sources have been employed recently to study the activities of residents and the influences from the environments. With the mobile telephone-based sensor data, the spatial and temporal differences in everyday activities were explored [13] . Using the social media check-in data, the human mobility within the city was studied [14] . Through the data mining of the records generated by the subway system, the patterns of group travel behaviors were analyzed [15] . The relationship between elderly people's health and living in residential care facilities was discussed based on qualitative data collected from semi-structured interviews [16] . According to activity-travel diary data from a sample of households before and after they moved from one residential location to another, the associations between the built environment and travel behavior were explained [17] . Comparing with the direct investigations on the individuals' behaviors, residents' accessibility to public services is a relatively new and understudied topic that could give some intuitional views of the people's living conditions from the supply side [18, 19] . As human's activities are highly limited by various space-time constraints [20] , distance does have a great impact on the social benefits of public facilities [21] . The infrastructure development level in the neighborhood is the most important factor for residents' daily life [22] . This paper takes Tianjin as an example to explore the diverse living conditions of Chinese urban neighborhoods by means of the quantitative studies of the social infrastructure configurations. The remaining parts of the paper are organized as follows. In Section 2, the basic life demands and social infrastructure developments in Chinese cities are introduced. Section 3 elaborates the rationale of living condition analysis at the neighborhood level. Section 4 describes and discusses the living conditions of the neighborhoods in Tianjin from different perspectives. Finally, the paper is briefly concluded with the statements of findings, practical implications, and limitations of our research in Section 5.
Living Demands and Social Infrastructure Developments in Urban China
Education opportunities, health care, culture experience, leisure and entertainment activities, and commuting capabilities are generally considered as the major demands of contemporary urban lives. Unlike the infrastructures for economic developments, social infrastructures are the facilities and venues that mainly serve the various needs of residents in daily life [23, 24] . Accompanied with the process of rapid urbanization, China has also developed, and been gradually improving its social infrastructure system to satisfy the demands of residents in different aspects [25] .
Education
As the basis of both individual and social development, education plays a significant role in urban lives. From kindergarten, primary school, and middle school to high school, a good education environment is always the pursuit of residents [26] . Living in a neighborhood adjacent to education facilities can effectively reduce the time spent on the traveling to school, and it also means an advantageous living condition. In the favorable atmosphere of learning, the residents are more likely to live with cultivated neighbors and enjoy a lower crime rate in their communities [27] .
In China, education is always highly valued. The government has issued a number of laws and policies to protect the basic rights of the people for receiving education throughout the whole process of growing up [28] . However, the uneven distribution of education resources makes it a capital competition in the society to be settled near schools. Owning to the spatial mismatch of residence and education facilities, home-school and home-kindergarten travel has become an important part of many people's daily life [29] . Especially under the nearby enrollment policy on primary and secondary Sustainability 2018, 10, 3243 3 of 17 schooling, a housing district with high-quality schools is desirable for almost all of the families with children [30] .
Healthcare
Healthcare is another focus of concern in urban lives. As the main source of medical treatment and public health services, the hospitals and clinics at different levels take on most of the city functions to address the diversified healthcare needs of residents. Not only the quantity and quality, but also the accessibility of the facilities are the key factors that decide the healthcare condition of a city [31] . The convenient access to high-quality medical services usually means a healthier living environment [32] , and to satisfy the increasing demands of a high quality of life, more attention is being given to community healthcare [33] .
Due to the large population, it is hard to ensure high-quality healthcare services for everyone in China. Although the majority of healthcare facilities are public-owned and the healthcare system is government-led, the inequality of medical services is still a big problem [34] . The unified prices of treatments in public hospitals and the freedom of choices from patients make the spatial distribution of healthcare facilities the most influencing factor of the service capability. Through the uniformly distributed community health centers, equal primary healthcare services are actually provided [35] . However, as there is no mature hierarchical diagnosis system in China, under the pursuit for better treatments, most patients prefer to go to big general hospitals, even for minor illness [36] .
Leisure
Leisure activities are of great importance to the people's everyday life. Frequent contact with nature and regular exercise can help us keep healthy bodies and maintain good moods. After intense work and study, the residents often tend to do some strolling or light sports for rest and relaxation purposes [37] . The parks, activity centers, and gyms play a major role in providing outdoor and indoor places for leisure in cities, and the access to these leisure facilities is increasingly related to the people's quality of life and well-being [38] .
With the improvements of living standards, the lifestyles of the people changed greatly in China. Nowadays, more and more residents want to live a healthy life with plenty of opportunities for physical exercise and relaxation [39] . For the promotion of the grassroots leisure activities in daily life, the government has done a lot of work in facility development and service delivery [40] . However, no matter how many urban parks or sport facilities exist, spatial distance is still one of the major factors that restricts the utilization in many cases [41, 42] . Among all of the leisure facilities, only those that are reachable within a limited commuting time from dwellings are frequently visited by the local inhabitants.
Culture
Culture is also a determinant factor of the subjective well-being (SWB) of the people. Aside from the environment effects, the cultural infrastructures, such as libraries, museums, and religious sites do have a significant impact on the social life of residents [43] . They are not only the places for education and learning, art edification, and religious events, they also provide opportunities to meet and interact with others, enhance relationships in families, and promote social cohesion in the community [44] . In urban districts, the culture clusters are always associated with a variety of positive features of neighborhoods [45] .
Driven by the forces of urban regeneration and suburbanization, the cultural infrastructures have undergone great development in most Chinese cities during the past decades [46] . Although the infrastructures are usually designed and constructed to serve at the municipal level, the external benefits are obvious in the nearby housing areas. They not only helped to shape places in cities [47] , they also facilitated the cultural activity participation of the residents who live in the surrounding communities [48] . Meanwhile, due to the historical preservation and the immigration of upper-class Sustainability 2018, 10, 3243 4 of 17 residents, the surrounding residential communities are likely to be gentrified through the processes of physical space renovation and shifts in culture and lifestyle [49] .
Entertainment
The pursuing of happiness is one of the non-negligible elements of daily lives. With the arrival of the post-industrial age, entertainment has been gaining more and more popularity among citizens [50] . To meet the increasing needs of recreation and amusement, theaters, cinemas, and various pubs and shopping malls sprang up in cities around the world. Nevertheless, the social benefits are in effect not equally enjoyed by all of the residents [51] . The hot zones of entertainment are determined by the spatial distribution of the corresponding facilities [52] .
Benefiting from the marketization and economic development, the entertainment industry has also been greatly developed in China [53] . Compared to entertainment in the past, more choices are offered in the market for entertainment consumption nowadays. With the aim of enriching the spiritual life of individuals, among all of the facilities, cinema and theaters are especially welcomed in the new millennium [54] . At the same time, the modern shopping malls that integrate multiple entertainment events indoors are becoming one of the most frequently visited places of residents in their spare time [55] . Between the demands and service provision, the utilization rates of the facilities are largely influenced by their accessibility [56] .
Transportation
Transportation means a lot to the daily life of residents. It not only plays an important role in the commute to work, it also supports the various activity-travel behaviors in the city [57] . The stronger the transportation capability is at a place, the more meaningful interactions, pleasures, and cultural productions tend to arise there [58] . In view of the efficiency and the environmental effect, public transportation is of crucial importance to big cities. While the station locations have a great impact on the usage of the transport system [59] , the travel conditions would to some extent decide the cognitive SWB of the people [60] .
Despite the increasing private car ownership, public transportation is the main mode of travel in urban China. The bus, tram, trolley, and subway together make up the core transport system, and the daily travel behaviors vary greatly with the dwelling places of the residents in a city [61] . In general, the number of traffic options within the walking distance and the convenience of traveling trips are the two key factors determining the people' satisfaction with the public transportation [62] . To promote local economic activities and increase the quantity and diversity of consumer amenities, the subway systems have undergone enormous development since the late 2000s [63] . However, the uncoordinated developments of the transportation system and urbanization have also brought about traffic congestion to cities [64] .
Living Condition Analysis at the Neighborhood Level
The living space of residents can be divided geographically into different circles according to the frequencies of activities [65] . Among all of the activity regions, the 15-minute community life circle is the one that satisfies most of the demands in daily lives [66] . Thus, the living condition of the neighborhood with the limited walking distance from the dwelling is the major determinant for the lifestyle of the ones living there [67] .
Social Infrastructure Configuration within the Neighborhood
Aside from the requirements of safety and comfort at the material level, the function structure of the neighborhood is significantly related with the satisfaction of residents in the living conditions. Within the endurable walking distance scope, allocating as many beneficial services as possible is the key to ensure the high quality of daily life. Infrastructures are the carriers of various public services. Different configurations of infrastructures would result in different chances to enjoy the services in the specific areas [68] . Although there are strong regulations on the construction of infrastructures in the urban planning documents, due to the development demands and historical reasons, the social infrastructures are always unevenly distributed among neighborhoods in the city. With consideration of the service utilities, the living condition of each neighborhood can be regarded as the combination of the opportunities for social infrastructure visits in the daily life, and be expressed with the following formula:
where C n is a parameter set representing the living condition of the neighborhood n, and O n,i stands for the opportunities to visit the type i social infrastructure within the neighborhood n.
Accessibility Measurement for Living Condition Analysis
Accessibility is one of the commonly used terms and measurements to reveal the degree of availability of things under certain constraints. Determined by the cost of time, distance, and energy, it can well reflect the opportunities of service acquirement in the physical world [69, 70] . For quantitative analysis of the living conditions of neighborhoods, the accessibilities to different types of social infrastructures are calculated as the core indicators.
The measurement of accessibility can be calculated with a number of methods [71] . In the field of transportation, the distance and travel time are always accurately measured to determine the accessibility from the points of concern to the destinations in geography [72] . Besides, with full consideration of both travel demands and the capability of service providers, accessibility is measured from the perspective of the uniform utilization of resources [73] . Compared with the geography-based model and the utility-based model, a cumulative accessibility index is adopted here to describe the visiting opportunity of a certain type of social infrastructure within a limited spatial scope. Taking into account the availability of all of the related facilities, the index can be calculated with the following formula:
where Indx(O n,i ) stands for the cumulative accessibility index that reflects the visiting opportunities of the type i social infrastructure within the neighborhood n, w i,j is the importance coefficient (e.g., the capability, quality, or some priority) of the specific facility j among all of the ones of type i, t n,i,j is the "impedance" (e.g., the cost of time, distance, or energy) to visit facility j of type i within the neighborhood n, and a(t n,i,j ) is the availability function.
Case Study of Tianjin
Tianjin, the economic center of northern China, is one of the typical cities that have experienced fast economic and social developments in recent decades. It played an important role in the modern history of China, and now more than 15 million people live there. In the last 10 years, the gross domestic product (GDP) has tripled, and the housing space has increased fivefold. As an epitome of Chinese urbanization progress, the changes of living conditions in Tianjin are representative. With consideration of the concentrated inhabitants and living facilities there, the central districts of the city are chosen as the study area of our research.
The research data is mainly twofold: the points of interest (POI) map and the housing database of Tianjin in 2017. The POI map, which is bought from a credible navigation company [74] , provides the exact location of every infrastructure facility and residential community in the geographic information system (GIS). The housing database, crawled from a popular house selling website [75] , includes the physical characteristics of each community, such as the plot ratio, greening rate, and management fee. For discussions of the living conditions of various neighborhoods, this paper focuses on 25 types of social infrastructures, which are divided into six categories in accordance with the major demands of residents in their daily lives (see Section 2 for details):
• Education facilities: public kindergarten, private kindergarten, key primary school, primary school, key middle school, middle school, high school, technical school (see Figure 1a) ; 
Statistical Analysis and Pattern Recognition
In our research, the 15-minute walking distance of the community life circle is quantified as 1 km, according to the normal walking speed of adults. The availability factor a(tn,i,j) of the infrastructure facilities within the neighborhood is considered as a fixed value, due to the same 
In our research, the 15-minute walking distance of the community life circle is quantified as 1 km, according to the normal walking speed of adults. The availability factor a(t n,i,j ) of the infrastructure facilities within the neighborhood is considered as a fixed value, due to the same convenience of visiting in the daily life. Meanwhile, without too much emphasis on the subtle differences, the facilities of the same type are regarded as equally important w i,j for the residents. Thus, the cumulative accessibility index Indx(O n,i ) of the social infrastructures is able to be simplified as the number of facilities within the spatial scope of 1 km from each residential community.
The accessibility indexes of the 25 types of social infrastructures were calculated for the 2602 neighborhoods in the central districts of Tianjin. As shown by the statistical results (see Figure 2) , the variation of the accessibility (the standard deviation) is relatively big for almost every type of social infrastructure. While the community clinic and bus stop are the two types of infrastructures with the best accessibility, the infrastructures for leisure, culture, and entertainment are always hard to access for residents in daily life.
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To study the patterns of social infrastructure configurations within the neighborhoods, the correlation analysis was conducted on the different accessibility indexes. According to the results (see Table 1 ), the average absolute value of the correlation coefficients of the infrastructures is only 0.22, which means there is a great diversity of configurations among the neighborhoods. The private kindergarten, large general hospital, grand park, and museum are especially independent; the average correlation coefficient of any one of them with other types of infrastructures is just below 0.1. Nevertheless, from all of the figures, two distinct patterns can still be identified. To study the patterns of social infrastructure configurations within the neighborhoods, the correlation analysis was conducted on the different accessibility indexes. According to the results (see Table 1 ), the average absolute value of the correlation coefficients of the infrastructures is only 0.22, which means there is a great diversity of configurations among the neighborhoods. The private kindergarten, large general hospital, grand park, and museum are especially independent; the average correlation coefficient of any one of them with other types of infrastructures is just below 0.1. Nevertheless, from all of the figures, two distinct patterns can still be identified. Note: from a to y, in turn, the alphabets in the leftmost column and the topmost row represent the public kindergarten, private kindergarten, key primary school, primary school, key middle school, middle school, high school, technical school, large general hospital, general hospital, specialized hospital, community clinic, grand park, small park, activity center, gym, library, museum, attraction place, religious site, cinema, theatre, shopping mall, bus stop, and subway station.
First, the correlation coefficients (the red colored figures in Table 1 ) of any two of the shopping mall, cinema, theatre, subway station, and attraction place are above or equal to 0.50, which is much higher than that of the others. With the average correlation coefficient of the five types of social infrastructures to be 0.63, it actually reflects the typical entertainment-oriented lifestyle in urban China. The corresponding neighborhoods always lie in the downtown of the city (the commercial center and old city), and the people living around these places do not only have more potential to do culture and entertainment consumption, they also enjoy good commuting services in their daily lives. Second, the correlation coefficients (the blue colored figures in Table 1 ) of any two among the key primary school, key middle school, and normal middle school are all above 0.50, which are also notable values. The average correlation coefficient of the three types of social infrastructures is 0.67, which well reflects the typical education-oriented lifestyle, and is common-seen in the "school district" of most Chinese cities. Due to the development laws of the educational industry and the support of local finance, advantageous education resources always tend to concentrate at certain places in a city. People living in the corresponding neighborhoods would enjoy the benefits of the abundant education resources and good environment there.
Spatial Analysis and Layout Exploration
To further explore the layouts of different types of social infrastructures in the city, density maps were generated for spatial analysis with GIS (see Figure 4) . In view of the spatial distributions of the facilities, there exists evident disparities in the service provisions. In one aspect, the infrastructure facilities for the satisfaction of basic living demands (e.g., the kindergartens, normal primary school, community clinics, and transportation stations) are relatively evenly distributed in different districts. In another aspect, the high-quality infrastructure facilities (e.g., the key primary school, key middle school, and high school) and the infrastructures operated by private sectors (e.g., the cinemas, theaters, and shopping malls) are always concentrated at certain places in the city. The residents living in the neighborhoods near the hot regions would have more opportunities to visit the corresponding infrastructures and enjoy better living conditions. On the contrary, the residents living in the neighborhoods far away from the hot regions might suffer from poor services in their daily lives.
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For better understanding of the living conditions of diversified neighborhoods, comparative studies were carried out from different perspectives. First, to reflect the social class differences, the living conditions of the neighborhoods of different types of residential communities were studied (see Figure 6b) . Second, to reveal the regional differences, the living conditions of the neighborhoods belonging to different administrative districts were studied (see Figure 6c) . Third, to indicate the urbanization level differences, the living conditions of the neighborhoods lying in different urban zones of the city were studied (see Figure 6d) . belonging to different administrative districts were studied (see Figure 6c) . Third, to indicate the urbanization level differences, the living conditions of the neighborhoods lying in different urban zones of the city were studied (see Figure 6d ). 
Comparison among Different Types of Residential Communities
With reference to the standards for the residential building design of Tianjin, the residential communities were classified into three categories, namely the garden-like communities, modernmanagement communities, and ordinary communities. The garden-like communities are the ones with a high green ratio (≥30%) and a low plot ratio (≤2), which are mostly townhouses or villas occupied by rich people. The modern-management communities are the ones with a high plot ratio (>2) and a high management fee (1 RMB/m 2 ), which are mostly high-end apartments occupied by white-collar workers. The ordinary communities are the rest of communities in which most of the people in the city live.
According to the comparative results of the average accessibility indexes among the neighborhoods of different types of communities (see Figure 7) , the neighborhoods of garden-like communities have the worst access to most of the social infrastructures, and on the contrary, those of modern-management communities have little advantages in many aspects, especially for the accessibility to transportation, culture, leisure, and entertainment facilities. It to some extent reflects the different housing preference of different classes of people. The residents living in the neighborhoods of garden-like communities are the people with high socioeconomic status, and they usually have stronger mobility with private vehicles and love to live at quiet places. In contrast, the white collars care more about the services in their surroundings. 
With reference to the standards for the residential building design of Tianjin, the residential communities were classified into three categories, namely the garden-like communities, modern-management communities, and ordinary communities. The garden-like communities are the ones with a high green ratio (≥30%) and a low plot ratio (≤2), which are mostly townhouses or villas occupied by rich people. The modern-management communities are the ones with a high plot ratio (>2) and a high management fee (1 RMB/m 2 ), which are mostly high-end apartments occupied by white-collar workers. The ordinary communities are the rest of communities in which most of the people in the city live.
Comparison among Different Administrative Districts
The central districts of Tianjin are composed of six districts: Heping, Hedong, Hexi, Nankai, Hebei, and Hongqiao. Specialized in different economic and social functions, the six districts have different focuses and levels of capability in public services provision and delivery, which would to some extent influence the living conditions of the neighborhoods.
According to the comparative result of the average accessibility indexes among the neighborhoods belonging to different administrative districts (see Figure 8) , Heping is the district characterized by the agglomeration of diverse and high-quality social infrastructure facilities. The residents living in the neighborhoods of Heping district obviously enjoy better services in the daily life than those in other places. On the contrary, the public resources seem not so sufficient within the neighborhoods of Hedong and Hongqiao. Most of the residents in these two districts live a relatively lower standard of life. 
Comparison among Different Urban Zones
Bordered by the ring roads and beltways from the inside out, the central districts of Tianjin are able to be divided into four circle zones in geography. Due to the different stages of development stages and the market effect controlled by the central place theory, the living conditions of the neighborhoods vary greatly among the four zones of the city.
According to the comparative result of the average accessibility indexes among the neighborhoods in different urban zones (see Figure 9 ), the capability of service provision as a whole is reduced gradually from circle 1 to circle 4, with only a few exceptions to the education infrastructures in circle 2. Circle 2 is the most notable zone in the central districts of the city, compared to all of the others. In one aspect, the accessibility of entertainment and transportation infrastructures declines sharply between circle 1 and circle 2. In another aspect, the education and culture services are rare within the neighborhoods located outside circle 2.
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Conclusions
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All of the findings will help decision makers from both public and private sectors for better policy and strategy making on the sustainable development of social infrastructures. However, for 
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